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(57) ABSTRACT 

A magnetoresistive head includes a ?rst magnetic shield, a 
?rst electrode terminal arranged on the ?rst magnetic shield 
at an entry side of a magnetic ?eld from a carrier, a third 
electrode terminal that is spaced from the ?rst electrode 
terminal, and arranged on the ?rst magnetic shield at a side 
opposite to the entry side of the magnetic ?eld from the 
carrier, a magnetoresistive coating arranged on the ?rst and 
third electrode terminals, a second electrode terminal that is 
arranged on the magnetoresistive coating, and opposed to 
the ?rst electrode terminal, a second magnetic shield 
arranged on the second electrode terminal, and a sense 
current source connected to the ?rst and second electrode 
terminals, which applies sense current in a direction per 
pendicular to a coating surface of the magnetoresistive 

18 Claims, 12 Drawing Sheets 
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MAGNETORESISTIVE HEAD 

This application claims the right of priority under 35 
U.S.C. §ll9 based on Japanese Patent Application No. 
2004-178407, ?led on Jun. 16, 2004, Which is hereby 
incorporated by reference herein in its entirety as if fully set 
forth herein. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to magnetoresis 
tive heads used for magnetic storage, such as a magnetic disc 
drive and a magnetic tape. 

Along With recent smaller and higher density productions 
of magnetic disc drives decrease a ?oating amount of a head 
slider, and demand contact recording/reproducing that has 
an extremely loW ?oating height or requires a slider to 
contact a record carrier. 
A conventional magnetic inductive head deteriorates 

reproduction output as the circumferential speed, Which is a 
relative speed betWeen a head and a medium, decreases in a 
small magnetic disc. Magnetoresistive (“MR”) heads, Which 
provide a reproduction output that does not depend upon the 
circumferential speed and therefore maintain a large output 
even for the loW circumferential speed, are vigorously 
developed and used mainly for magnetic heads. More 
recently, magnetic heads that utiliZe a Giant Magnetoresis 
tive (“GMR”) e?fect come into the market. 

The high-recording density of a magnetic disc drive 
reduces a recording area per bit, and Weakens a generated 
magnetic ?eld. Therefore, MR sensors and heads are 
demanded Which can be applied to a ?ner magnetic ?eld 
range and detect changes of a Weak external magnetic ?eld. 

At present, spin-valve MR sensors that utiliZe a spin 
valve GMR e?fect have been frequently used for magnetic 
heads. The spin-valve MR sensors vary a magnetiZation 
direction of a free ferromagnetic layer (or a free layer) 
according to a signal magnetic ?eld from a record carrier, 
and changes of a relative angle to a magnetiZation direction 
of a pinned ferromagnetic layer (or a pinned layer) vary the 
resistance of the MR sensor. 
A general design that attempts to apply this MR sensor to 

a magnetic head ?xes the magnetiZation direction of the 
pinned layer onto a height direction of the MR device, and 
directs, in a device Width direction orthogonal to the pinned 
layer, the magnetiZation direction of the free layer When no 
external magnetic ?eld is applied. 

This con?guration can linearly increase and decrease the 
resistance of MR sensor according to Whether the signal 
magnetic ?eld direction from the magnetic record carrier is 
parallel to or antiparallel to the magnetiZation direction of 
the pinned layer. Such a linear resistance variance facilitates 
signal processing of the magnetic disc drive. 
The conventional MR sensor applies the sense current 

parallel to a coating surface, and reads resistance changes 
that rely on the external magnetic ?eld. This Current in Plane 
(“CIP”) con?guration that applies the current parallel to 
GMR coating surface loWers an output as the sensing area 
that is de?ned by a pair of electrodes reduces. The CIP 
spin-valve MR sensor needs an insulating coating betWeen 
the GMR coating and upper/loWer magnetic shields. 

In other Words, a distance betWeen the magnetic shields is 
equal to a sum of GMR coating thickness and insulating 
coating thickness times 2. Since the current insulating coat 
ing thickness has a loWer limit of about 20 nm, a distance 
betWeen the magnetic shields is equal to a sum of the GMR 
coating thickness and about 40 nm. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
As the recording bit becomes shorter on the record carrier, 

the current CIP spin-valve MR sensors cannot meet a 
demand for the distance betWeen the magnetic shields of 40 
nm or smaller. 

Proposed post spin-valve GMRs as one solution for this 
problem are a Current Perpendicular to Plane (“CPP”)-GMR 
con?guration that applies the current perpendicular to the 
GMR coating surface, and a tunnel MR (“TMR”). 
TMR is a con?guration that holds a thin insulating layer 

betWeen tWo ferromagnetic layers, and varies the tunnel 
current amount that ?oWs through the insulating layer 
according to the magnetiZation directions of the tWo ferro 
magnetic layers. TMR exhibits such large resistance vari 
ance and good sensitivity that it is one of promising post 
spin-valve GMRs. 
CPP-GMR characteristically provides a large output as 

the sectional area of a portion reduces, through Which the 
sense current of the GMR coating ?oWs. This feature is a 
great advantage over CIP-GMR. 

Since the current ?oWs from one ferromagnetic layer to 
the other ferromagnetic layer across the insulating layer in 
TMR, TMR can be regarded as a kind of CPP structure and 
has the above advantage. 

Since the high-recording density of a magnetic disc drive 
promotes ?ne processing of a MR coating and results in 
reading of adjacent tracks during reproducing, a knoWn 
structure provides a pair of magnetic shields at both sides of 
the MR coating in the track Width direction. The MR head 
that utiliZes the MR coating disadvantageously generates 
Barkhausen noises and greatly ?uctuates reproduction out 
puts When the MR coating does not have a single magneti 
Zation. 

Therefore, a magnetiZation control coating is provided to 
control the magnetiZation of the MR coating. A pair of 
magnetiZation control coatings are provided at both sides of 
the MR coating in the track Width direction, and each 
include a high coercive force coating, typically made of 
CoPt, etc., or a layered coating that has an antiferromagnetic 
coating and a ferromagnetic coating, typically made of 
PdPtMn, etc. An alternative structure of the magnetiZation 
control coating layers an antiferromagnetic coating on a MR 
coating so as to form the magnetiZation control coating. 

HoWever, the magnetiZation control using the antiferro 
magnetic layer layered on the MR coating needs to make 
orthogonal to each other the pinning directions betWeen the 
antiferromagnetic coating used for the MR coating and the 
antiferromagnetic coating used for the magnetiZation con 
trol, and is problematic in that the coating development is 
di?icult. In addition, since the antiferromagnetic coating is 
layered on the MR coating, it is di?icult to reduce a distance 
betWeen the magnetic shields. 

Moreover, When the magnetiZation control coatings, such 
as a high coercive force coating, are provided at both sides 
of the MR coating in the track Width direction, the magne 
tiZation control coating should be located close to the MR 
coating. Therefore, it is very di?icult to stably manufacture 
the magnetiZation control coating With good yield and to 
stably obtain the effect. 
When the magnetic shields are provided at both sides of 

the MR coating in the track Width direction for the high 
recording density, the magnetiZation control coatings cannot 
be provided at both sides of the MR coating in the track 
Width direction. 
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BRIEF SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a MR head that can restrain generations of 
Barkhausen noises and obtain high reproduction output. 
A magnetoresistive head according to one aspect of the 

present invention includes a ?rst magnetic shield, a ?rst 
electrode terminal arranged on the ?rst magnetic shield at an 
entry side of a magnetic ?eld from a carrier, a third electrode 
terminal that is spaced from the ?rst electrode terminal, and 
arranged on the ?rst magnetic shield at a side opposite to the 
entry side of the magnetic ?eld from the carrier, a magne 
toresistive coating arranged on the ?rst and third electrode 
terminals, a second electrode terminal that is arranged on the 
magnetoresistive coating, and opposed to the ?rst electrode 
terminal, a second magnetic shield arranged on the second 
electrode terminal, a sense current source connected to the 
?rst and second electrode terminals, the sense current source 
applying sense current in a direction perpendicular to a 
coating surface of the magnetoresistive coating, and a bias 
current source that is connected to and applies bias current 
to the third electrode terminal and one of the ?rst and second 
electrode terminals. 

Preferably, the sense current and the bias current How in 
the same direction along an in-plane perpendicular direction 
of one of the ?rst and second electrode terminals. The third 
electrode terminal is electrically isolated from the ?rst and 
second electrode terminals, and electrically connected to the 
magnetoresistive coating. 

Preferably, the magnetoresistive coating is longer in a 
device height direction than the ?rst and second electrode 
terminals. Preferably, the magnetoresistive head further 
includes a pair of side magnetic shields arranged at both 
sides of the magnetoresistive coating. 
A magnetoresistive head according to another aspect of 

the present invention includes a ?rst magnetic shield, a ?rst 
electrode terminal arranged on the ?rst magnetic shield at an 
entry side of a magnetic ?eld from a carrier, a third electrode 
terminal that is spaced from the ?rst electrode terminal, and 
arranged on the ?rst magnetic shield at a side opposite to the 
entry side of the magnetic ?eld from the carrier, a magne 
toresistive coating arranged on the ?rst electrode terminal, a 
second electrode terminal that is arranged on the magne 
toresistive coating, and opposed to the ?rst electrode termi 
nal, a second magnetic shield arranged on the second 
electrode terminal, a sense current source connected to the 
?rst and second electrode terminals, the sense current source 
applying sense current in a direction perpendicular to a 
coating surface of the magnetoresistive coating, and a bias 
current source that is connected to and applies bias current 
to the third electrode terminal and one of the ?rst and second 
electrode terminals. 
A magnetoresistive head according to still another aspect 

of the present invention includes a ?rst electrode terminal 
that is arranged on a ?rst magnetic shield at an entry side of 
a magnetic ?eld from a carrier, and serves as the ?rst 
magnetic shield, a third electrode terminal that is spaced 
from the ?rst electrode terminal, and arranged on the ?rst 
magnetic shield at a side opposite to the entry side of the 
magnetic ?eld from the carrier, a magnetoresistive coating 
arranged on the ?rst and third electrode terminals, a second 
electrode terminal arranged on the magnetoresistive coating, 
and opposed to the ?rst electrode terminal, a second mag 
netic shield arranged on the second electrode terminal, a 
sense current source connected to the ?rst and second 
electrode terminals, the sense current source applying sense 
current in a direction perpendicular to a coating surface of 
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4 
the magnetoresistive coating, and a bias current source that 
is connected to and applies bias current to the third electrode 
terminal and one of the ?rst and second electrode terminals. 

In an alternative con?guration, rather than having the ?rst 
electrode terminal serve as the ?rst magnetic shield, the 
second electrode terminal may serve as the second magnetic 
shield. In a still alternative con?guration, the ?rst electrode 
terminal may serve as the ?rst magnetic shield, While the 
second electrode terminal may serve as the second magnetic 
shield. 
The present invention controls the magnetiZation of the 

MR coating using the current magnetic ?eld that results 
from the current that ?oWs betWeen the third electrode 
terminal and one of the ?rst and second electrode terminals, 
restrains generations of the Barkhousen noises, and provides 
high reproduction output signals. In addition, the present 
invention provides ?ne adjustments to the bias current 
strength for each head, and thus stably outputs high-quality 
reproduction signals after the MR head is produced. 
The inventive structure does not require the magnetiZation 

control coatings to be provided at both sides of the MR 
coating in the track Width direction, thus remarkably facili 
tating the manufacture process and dramatically improving 
the yield. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a principle diagram of an inventive MR head. 
FIG. 2 is a vieW shoWing a current magnetic ?eld on a 

surface of a free layer. 
FIG. 3 is a perspective vieW of a MR head according to 

a ?rst embodiment of the present invention. 
FIGS. 4A-4C and 4A‘ and 4C‘ shoW a manufacture 

process How according to a ?rst embodiment of the present 
invention. 

FIGS. 5A-5C and 5A'-5C' shoW a manufacture process 
How according to a ?rst embodiment of the present inven 
tion. 

FIGS. 6A-6C and 6A'-6C' shoW a manufacture process 
How according to a ?rst embodiment of the present inven 
tion. 

FIG. 7 is a perspective vieW of a MR head according to 
a second embodiment of the present invention. 

FIGS. 8A-8C and 8A'-8C' shoW a manufacture process 
How according to a second embodiment of the present 
invention. 

FIGS. 9A-9C and 9A'-9C' shoW a manufacture process 
How according to a second embodiment of the present 
invention. 

FIG. 10 is a perspective vieW of a MR head according to 
a third embodiment of the present invention. 

FIGS. 11A-11C and 11A'-11C' shoW a manufacture pro 
cess ?oW according to a third embodiment of the present 
invention. 

FIGS. 12A-12C and 12A'-12C' shoW a manufacture pro 
cess ?oW according to a third embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shoWs a principle diagram of an inventive MR 
head. The MR head 2 includes a ?rst electrode terminal 4, 
a MR coating 6 located on the ?rst electrode terminal 4, and 
a second electrode terminal 8 located on the MR coating 6. 
The MR head 2 further includes a third electrode terminal 10 
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provided on the MR coating 6 at a side opposite to an entry 
side of the magnetic ?eld from a carrier. 
The ?rst and second electrode terminals 4 and 8 are 

connected to a sense current source 12, and the sense current 
source 12 applies the sense current Is of a certain current 
value as shoWn by a broken-line arroW in an in-plane 
perpendicular direction of the MR coating 6. 

The second and third electrode terminals 8 and 10 are 
connected to a bias current source 14, and the bias current 
I-bias ?oWs betWeen the second and third electrode termi 
nals 8 and 10 as shoWn by a solid-line arroW. The sense 
current Is and the bias current I-bias How in almost the same 
direction along the in-plane perpendicular direction of the 
second electrode terminal 8. 

Applications of the sense current Is and the bias current 
I-bias in almost the same direction along the in-plane 
perpendicular direction of the second electrode terminal 8 
form the bias magnetic ?eld (or current magnetic ?eld) as 
shoWn by an arroW 16 in the MR coating 6, and enables the 
magnetiZation of the MR coating 6 to be controlled. 

FIG. 2 shoWs the current magnetic ?eld on the free layer 
18 surface of the MR coating 6. Since the bias current I-bias 
?oWs betWeen the second and third electrode terminals 8 and 
10 While the sense current Is ?oWs betWeen the ?rst and 
second electrode terminals 4 and 8, a center of the current 
magnetic ?eld 20 along the revolution direction can be 
moved to a side opposite to the entry surface (i.e., ABS 
surface) 18a of the carrier’s magnetic ?eld, of the MR 
coating 6 in the device height direction. The current mag 
netic ?eld 20 directs in the approximately constant direction 
on the side of the ABS surface 18a of the MR coating 6. In 
other Words, the current magnetic ?eld directs in the arroW 
16 direction in FIG. 1. 
The ?rst and second electrode terminals 4 and 8 are made 

shorter in the device height direction than the MR coating 6 
in the device height direction, and located on the MR coating 
6 at the side of the ABS surface. As a result, signals only 
from a most sensitive region can be detected from the MR 
coating 6. In addition, detections of signals only from a 
region to Which the current magnetic ?eld is applied in 
almost the same direction lead to reduced generations of 
Barkhausen noises, and good and high reproduction signal 
outputs. 
As apparent from FIG. 1, the third electrode terminal 10 

is electrically isolated from the ?rst and second electrode 
terminals 4 and 8, and electrically connected to the MR 
coating 6. 

The principle diagram shoWn in FIG. 1 omits the ?rst 
magnetic shield located under the ?rst electrode terminal 4, 
and the second magnetic shield located on the second 
electrode terminal 8. The present invention alloWs one or 
both of the ?rst and second electrode terminals 4 and 8 to 
serve as the magnetic shield. 

While the illustrated principle diagram applies the bias 
current betWeen the second and third electrode terminals 8 
and 10, the bias current may ?oW betWeen the ?rst and third 
electrode terminals 4 and 10. In this case, the sense current 
Is and the bias current I-bias How in almost the same 
direction along the in-plane perpendicular direction of the 
?rst electrode terminal 4. 

The MR coating 6 includes at least one loW-resistance 
coating, and at least tWo ferromagnetic coatings that sand 
Wich the loW-resistance coating. Alternatively, the MR coat 
ing 6 includes a ferromagnetic tunnel junction structure or a 
multilayer coating structure that includes a ferromagnetic 
layer and a non-magnetic layer. 
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In other Words, the MR coating 6 can use a spin-valve 

GMR coating, such as NiFe/Cu/NiFe/IrMn, a layered ferri 
spin-valve GMR coating, such as NiFe/Cu/CoFeB/Ru/ 
CoFeB/PdPtMn, and a tunnel junction type MR coating 
(“TMR coating”), such as NiFe/Al2O3/NiFe/PdPtMn. 

FIG. 3 shoWs a schematic perspective vieW of a MR head 
22A according to a ?rst embodiment of the present inven 
tion, and omits ?rst and second magnetic shields. 24 denotes 
a ?rst electrode terminal that is made, for example, of Cu or 
a combination of Cu and Au, and a third electrode terminal 
30 is provided apart from the ?rst electrode terminal 24 at a 
side opposite to the entry surface (i.e., ABS surface) of the 
carrier’s magnetic ?eld, of the ?rst electrode terminal 24. 
The third electrode terminal 30 is also made, for example, of 
Cu or a combination of Cu and Au. 

A MR coating 26 is located on the ?rst and third electrode 
terminals 24 and 30, and a second electrode terminal 28 is 
located on the MR coating 26 opposite to the ?rst electrode 
terminal 24. The second electrode terminal 28 is also made, 
for example, of Cu or a combination of Cu and Au. 
The ?rst and second electrode terminals 24 and 28 are 

connected to a sense current source 29, and the sense current 

source 29 applies the sense current along an in-plane per 
pendicular direction of the MR coating 26. The second and 
third electrode terminals 28 and 30 are connected to a bias 
current source 31, and the bias current ?oWs betWeen the 
second and third electrode terminals 28 and 30. The sense 
current Is and the bias current I-bias How in almost the same 
direction along the in-plane perpendicular direction of the 
second electrode terminal 28. 
A description Will be given of a manufacture process of 

the MR head according to the ?rst embodiment With refer 
ence to FIG. 4A to FIG. 6C and FIG. 4A' to FIG. 6C‘. FIG. 
4A to FIG. 6C are sectional vieWs of the MR head in the 
height direction, and FIG. 4A' to FIG. 6C‘ are sectional 
vieWs in its track Width direction. 
As shoWn in FIGS. 4A and 4A', a ?rst magnetic shield 32 

that includes a soft magnetic coating 32, such as NiFe, and 
a ?rst electrode terminal layer 34 that includes a non 
magnetic metal coating, such as Cu, are sequentially formed 
on a substrate (not shoWn). 

Alternatively, instead of forming the ?rst electrode ter 
minal layer 34, the ?rst magnetic shield 32 may serve as the 
?rst electrode terminal. When the ?rst magnetic shield 32 
serves as the ?rst electrode terminal, the ?rst magnetic shield 
32 is made of a soft magnetic metal coating. 

Next, a photoresist 36 is uniformly applied onto the ?rst 
electrode terminal layer 34, and the photoresist 36 is pat 
terned. Then, the ?rst electrode terminal layer 34 is etched 
into the ?rst electrode terminal 24 of a desired shape of the 
?rst electrode terminal 24 by the ion milling etc. (FIGS. 4B 
and 4B‘). 
An insulating coating 38, such as A1203, is formed 

Without removing the photoresist 36, and then the photore 
sist 36 is removed (FIGS. 4C and 4C‘). Next, the MR coating 
26 is formed, and the photoresist 40 is uniformly applied 
onto it and then patterned. Then, the MR coating 26 is etched 
into a desired shape by the ion milling etc. (FIGS. 5A and 
5A‘). 

Next, the second electrode terminal 28 is formed and a 
photoresist 40 is uniformly applied and patterned. Then, the 
second electrode terminal 28 is etched into a desired shape 
by the ion milling etc. (FIGS. 5B and 5B‘). Next, an 
insulating coating 42, such as A1203, is formed Without 
removing the photoresist 40, and then the photoresist 40 is 
removed (FIGS. 5C and 5C‘). 
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Next, a photoresist 44 is uniformly applied and patterned, 
and then the ?rst, second and third electrode terminals 24, 28 
and 30, the MR coating 26 and the insulating coatings 38 and 
42 are etched into desired shapes by the ion milling etc. 
(FIGS. 6A and 6A‘). 

Next, insulating coatings 46 and 48, such as A1203, are 
formed Without removing the photoresist 44, and then the 
photoresist 44 is removed (FIGS. 6B and 6B‘). Finally, a 
second magnetic shield 50 is formed Which includes a soft 
magnetic coating, such as NiFe, as shoWn in FIGS. 6C and 
6C'. Alternatively, instead of forming the second magnetic 
shield 50, the second electrode terminal 28 may serve as the 
second magnetic shield. 
The above described manufacture process uses a plating 

method and a vacuum evaporation method to form the ?rst 
and second magnetic shields 32 and 50, and a sputtering 
method etc. to form the electrode terminals 24, 28 and 30, 
the MR coating 26, and the insulating coatings 38, 46, and 
48. The electrode terminals 24, 26 and 30 are made of a 
non-magnetic metal coating, such as Cu, or a soft magnetic 
metal coating, such as NiFe. 

FIG. 7 shoWs a schematic perspective vieW of a MR head 
22B according to a second embodiment of the present 
invention, and omits ?rst and second magnetic shields. In 
the MR head 22B of the instant embodiment, the ?rst 
electrode terminal 24, the MR coating 26', and the second 
magnetic shield 28 have substantially the same length in the 
device height direction. 
A third electrode terminal 30' is provided at a side 

opposite to the entry surface (i.e., ABS surface) of the 
carrier’s magnetic ?eld, of the MR coating 26', and is 
electrically connected to the MR coating 26'. The third 
electrode terminal 30' is isolated from the ?rst and second 
electrode terminals 24 and 28. 

The ?rst and second electrode terminals 24 and 28 are 
connected to the sense current source 29, and the ?rst and 
third electrode terminals 24 and 30 are connected to the bias 
current source 31. The sense current and the bias current 
How in almost the same direction along the in-plane per 
pendicular direction of the ?rst electrode terminal 24. 
A description Will be given of a manufacture process of 

the MR head 22B according to the second embodiment With 
reference to FIG. 8A to FIG. 9C and FIG. 8A' to FIG. 9C'. 
FIG. 8A to FIG. 9C are sectional vieWs of the MR head 22B 
in the height direction, and FIG. 8A' to FIG. 9C' are sectional 
vieWs in its track Width direction. 

First, as shoWn in FIGS. 8A and 8A', the ?rst magnetic 
shield 32, and the ?rst electrode terminal layer 34 are 
sequentially formed on a substrate (not shoWn). Alterna 
tively, instead of forming the ?rst electrode terminal layer 
34, the ?rst magnetic shield 32 may serve as the ?rst 
electrode terminal. 

Next, a photoresist 52 is uniformly applied and patterned, 
and then the ?rst electrode terminal layer 34 is etched into 
a desired shape of the ?rst electrode terminal 24 by the ion 
milling etc. Next, an insulating coating 54 and the third 
electrode terminal 30', such as A1203, are formed Without 
removing the photoresist 52 (FIG. 8B and 8B‘). Atop surface 
of the insulating coating 54 is preferably located above a top 
surface of the ?rst electrode terminal 24, so as to prevent 
electric conduction betWeen the ?rst electrode terminal 24 
and the third electrode terminal 30'. 

After the photoresist 52 is removed, the MR coating layer 
56 and the second electrode terminal layer 58 are sequen 
tially formed as shoWn in FIGS. 8C and 8C', and a photo 
resist 60 is uniformly applied and patterned. 
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8 
Then, a second electrode terminal layer 58 and the MR 

coating layer 56 are etched into desired shapes of second 
electrode terminal 28 and the MR coating 26' by using the 
photoresist 60 as a mask and the ion milling etc. After the 
insulating coating 62 is formed, the photoresist 60 is 
removed (FIGS. 9A and 9A‘). 

Here, the top surface of the MR coating 26' is preferably 
located above the top surface of the third electrode terminal 
30' so as to prevent electric conduction betWeen the second 
electrode terminal 28 and the third electrode terminal 30'. 
Alternatively, the third electrode terminal 30' is made thicker 
than a predetermined coating thickness, and subsequent 
etching returns the thickness to the predetermined coating 
thickness. 

Next, a photoresist 64 is uniformly applied and patterned, 
and then the electrode terminals 24, 28 and 30', the MR 
coating 26' and the insulating coatings 54, 62, 66 and 68 are 
etched into desired shapes by the ion milling etc. (FIGS. 9B 
and 9B‘). Finally, the second magnetic shield 50 is formed as 
shoWn in FIGS. 9C and 9C'. Alternatively, instead of form 
ing the second magnetic shield 50, the second electrode 
terminal 28 may serve as the second magnetic shield. 
The above described manufacture process uses a plating 

method and a vacuum evaporation method to form the ?rst 
and second magnetic shields 32 and 50, and a sputtering 
method etc. to form the electrode terminals 24, 28 and 30', 
the MR coating 26', the insulating coatings 54, 62, 66 and 
68. The electrode terminals 24, 26 and 30' are made of a 
non-magnetic metal coating, such as Cu, or a soft magnetic 
metal coating, such as NiFe. 

FIG. 10 shoWs a schematic perspective vieW of a MR 
head 22C according to a third embodiment of the present 
invention and omits ?rst and second magnetic shields. The 
MR head 22C of the instant embodiment provides side 
magnetic shields 70 and 72 at both sides of the MR head 22A 
of the ?rst embodiment in the track Width direction. 
A description Will be given of a manufacture process of 

the MR head 22C With reference to FIG. 11A to FIG. 12B 
and FIG. 11A' to FIG. 12B‘. FIG. 11A to FIG. 12B are 
sectional vieWs of the MR head 22C in the height direction, 
and FIG. 11A' to FIG. 12B‘ are sectional vieWs in its track 
Width direction. 
The manufacture process up to FIGS. 11A and 11A' is the 

same as that up to FIGS. 6A and 6A' in the MR head 22A 
of the ?rst embodiment, and a description thereof Will be 
omitted. 
As shoWn in FIGS. 11B and 11B‘, the insulating coatings 

74 and 76 are formed Without removing the photoresist 44. 
Next, the side magnetic shields 70 and 72, and insulating 
coatings 78 and 80 are sequentially formed Without remov 
ing the photoresist 44 (FIGS. 12A and 12A‘). 
The insulating coatings 78 and 80 may be omitted. 

Finally, as shoWn in FIGS. 12B and 12B‘, the second 
magnetic shield 50 is formed after the photoresist 44 is 
removed. 
The side magnetic shields 70 and 72 can be electrically 

connected to one of the electrode terminals 24, 28 and 30, 
but the electrode terminals 24, 28 and 30 should be electri 
cally isolated from one another. 
The side magnetic shields 70 and 72 can be electrically 

connected to one of the ?rst and second magnetic shields 32 
and 50, but the ?rst and second magnetic shields 32 and 50 
should be electrically isolated from each other. 
The above described manufacture process uses a plating 

method and a vacuum evaporation method to form the ?rst 
and second magnetic shields 32 and 50, and side magnetic 
shields 70 and 72, and a sputtering method etc. to form the 
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electrode terminals 24, 28 and 30, the MR coating 26, the 
insulating coatings 38, 42, 74, and 76. The electrode termi 
nals 24, 26 and 30 are made of a non-magnetic metal 
coating, such as Cu, or a soft magnetic metal coating, such 
as NiFe. 

What is claimed is: 
1. A magnetoresistive head comprising: 
a ?rst magnetic shield; 
a ?rst electrode terminal arranged on said ?rst magnetic 

shield at an entry side of a magnetic ?eld from a carrier; 
a third electrode terminal that is spaced from said ?rst 

electrode terminal, and arranged on said ?rst magnetic 
shield at a side opposite to the entry side of the 
magnetic ?eld from the carrier; 

a magnetoresistive coating arranged on said ?rst and third 
electrode terminals; 

a second electrode terminal that is arranged on the mag 
netoresistive coating, and opposed to said ?rst elec 
trode terminal; 

a second magnetic shield arranged on said second elec 
trode terminal; 

a sense current source connected to said ?rst and second 

electrode terminals, said sense current source applying 
sense current in a direction perpendicular to a coating 
surface of said magnetoresistive coating; and 

a bias current source that is connected to and applies bias 
current to said third electrode terminal and one of said 
?rst and second electrode terminals. 

2. A magnetoresistive head according to claim 1, Wherein 
the sense current and the bias current How in almost the 
same direction along an in-plane perpendicular direction of 
said one of the ?rst and second electrode terminals. 

3. A magnetoresistive head according to claim 1, Wherein 
said third electrode terminal is electrically isolated from said 
?rst and second electrode terminals. 

4. A magnetoresistive head according to claim 1, Wherein 
said third electrode terminal is electrically connected to said 
magnetoresistive coating. 

5. A magnetoresistive head according to claim 1, Wherein 
said magnetoresistive coating is longer in a device height 
direction than the ?rst and second electrode terminals. 

6. A magnetoresistive head according to claim 1, Wherein 
said magnetoresistive coating includes at least one loW 
resistance coating, and at least tWo ferromagnetic coatings 
that hold the loW-resistance coating, an electric resistance of 
said magnetoresistive coating varying according to a mag 
netic ?eld. 

7. A magnetoresistive head according to claim 1, Wherein 
said magnetoresistive coating includes a ferromagnetic tun 
nel junction structure, and an electric resistance of said 
magnetoresistive coating varies according to a magnetic 
?eld. 

8. A magnetoresistive head according to claim 1, Wherein 
said magnetoresistive coating has a multilayer coating struc 
ture that includes a ferromagnetic layer and a non-magnetic 
layer, and an electric resistance of said magnetoresistive 
coating varies according to a magnetic ?eld. 

9. A magnetoresistive head according to claim 1, further 
comprising a pair of side magnetic shields arranged at both 
sides of said magnetoresistive coating. 

10. A magnetoresistive head comprising: 
a ?rst magnetic shield; 
a ?rst electrode terminal arranged on said ?rst magnetic 

shield at an entry side of a magnetic ?eld from a carrier; 
a third electrode terminal that is spaced from said ?rst 

electrode terminal, and arranged on said ?rst magnetic 
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10 
shield at a side opposite to the entry side of the 
magnetic ?eld from the carrier; 

a magnetoresistive coating arranged on said ?rst electrode 
terminal; 

a second electrode terminal that is arranged on the mag 
netoresistive coating, and opposed to said ?rst elec 
trode terminal; 

a second magnetic shield arranged on said second elec 
trode terminal; 

a sense current source connected to said ?rst and second 

electrode terminals, said sense current source applying 
sense current in a direction perpendicular to a coating 
surface of said magnetoresistive coating; and 

a bias current source that is connected to and applies bias 
current to said third electrode terminal and one of said 
?rst and second electrode terminals. 

11. A magnetoresistive head according to claim 10, 
Wherein the sense current and the bias current How in almost 
the same direction along an in-plane perpendicular direction 
of said one of the ?rst and second electrode terminals. 

12. A magnetoresistive head according to claim 10, 
Wherein said third electrode terminal is electrically isolated 
from said ?rst and second electrode terminals. 

13. A magnetoresistive head according to claim 10, 
Wherein said third electrode terminal is electrically con 
nected to said magnetoresistive coating. 

14. A magnetoresistive head according to claim 10, 
Wherein said magnetoresistive coating is as long in a device 
height direction as the ?rst and second electrode terminals. 

15. A magnetoresistive head according to claim 10, fur 
ther comprising a pair of side magnetic shields arranged at 
both sides of said magnetoresistive coating. 

16. A magnetoresistive head comprising: 
a ?rst electrode terminal that is arranged on a ?rst 

magnetic shield at an entry side of a magnetic ?eld 
from a carrier, and serves as said ?rst magnetic shield; 

a third electrode terminal that is spaced from said ?rst 
electrode terminal, and arranged on said ?rst magnetic 
shield at a side opposite to the entry side of the 
magnetic ?eld from the carrier; 

a magnetoresistive coating arranged on said ?rst and third 
electrode terminals; 

a second electrode terminal arranged on the magnetore 
sistive coating, and opposed to said ?rst electrode 
terminal; 

a second magnetic ?eld arranged on said second electrode 
terminal; 

a sense current source connected to said ?rst and second 
electrode terminals, said sense current source applying 
sense current in a direction perpendicular to a coating 
surface of said magnetoresistive coating; and 

a bias current source that is connected to and applies bias 
current to said third electrode terminal and one of said 
?rst and second electrode terminals. 

17. A magnetoresistive head comprising: 
a ?rst magnetic shield; 
a ?rst electrode terminal arranged on said ?rst magnetic 

shield at an entry side of a magnetic ?eld from a carrier; 
a third electrode terminal that is spaced from said ?rst 

electrode terminal, and arranged on said ?rst magnetic 
shield at a side opposite to the entry side of the 
magnetic ?eld from the carrier; 

a magnetoresistive coating arranged on said ?rst and third 
electrode terminals; 

a second electrode terminal that is arranged on the mag 
netoresistive coating, and opposed to said ?rst elec 
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trode terminal, said second electrode terminal serving 
as a second magnetic shield; 

a sense current source connected to said ?rst and second 

electrode terminals, said sense current source applying 
sense current in a direction perpendicular to a coating 
surface of said magnetoresistive coating; and 

a bias current source that is connected to and applies bias 
current to said third electrode terminal and one of said 
?rst and second electrode terminals. 

18. A magnetoresistive head comprising: 
a ?rst electrode terminal that is arranged on a ?rst 

magnetic shield at an entry side of a magnetic ?eld 
from a carrier, and serves as said ?rst magnetic shield; 

a third electrode terminal that is spaced from said ?rst 
electrode terminal, and arranged on said ?rst magnetic 
shield at a side opposite to the entry side of the 
magnetic ?eld from the carrier; 
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a magnetoresistive coating arranged on said ?rst and third 

electrode terminals; 
a second electrode terminal arranged on the magnetore 

sistive coating, and opposed to said ?rst electrode 
terminal, said second electrode serving as a second 
magnetic shield; 

a sense current source connected to said ?rst and second 

electrode terminals, said sense current source applying 
sense current in a direction perpendicular to a coating 

surface of said magnetoresistive coating; and 
a bias current source that is connected to and applies bias 

current to said third electrode terminal and one of said 
?rst and second electrode terminals. 


